Introduction
Severe sepsis is characterized by acute release of systemic inflammatory (systemic inflammatory response syndrome [SIRS] ) and anti-inflammatory mediators (compensatory anti-inflammatory response syndrome [CARS] ) caused by infection [1, 2] . The cytokines associated with SIRS include interleukin-(IL-) 1 , IL-6, IL-12, IL-17, and tumor necrosis factor-(TNF-) . The cytokines associated with CARS include IL-4, IL-10, and transforming growth factor-(TGF-)
1. This immune imbalance results in multiorgan dysfunctions and eventually death in patients with severe sepsis [3] .
Dexamethasone inhibited lipopolysaccharides-(LPS-) stimulated release of TNF-, IL-6, IL-8, and IL-10 from whole blood of septic patients [4] . Similarly, hydrocortisone decreased IL-1 and IL-6 production from ex vivo LPSstimulated whole blood of septic shock patients [5] . Steroid might affect cytokine production from circulatory immune cells of septic patients.
According to the Surviving Sepsis Campaign (SSC) Guidelines for the management of severe sepsis and septic shock (2008 and 2012) , patients with septic shock can be prescribed low-dose steroids if adequate fluid resuscitation and vasopressor therapy are unable to restore hemodynamic stability [6, 7] . It is different from the SSC Guidelines of 2004 version [8] . The major cause is the results of the CORTICUS study [9] . Septic shock patients treated with low-dose steroids could reverse shock at an early stage, but final mortality rate was similar to those without low-dose steroids. Low-dose steroid use may also harm patients with septic shock. Lowdose therapy was associated with an increase in adjusted hospital mortality [10] . The adjusted hospital mortality rate was significantly higher (odds ratio = 1.18, < 0.001) in patients who received low-dose steroids compared with those 2 Mediators of Inflammation who did not. However, a multicenter observation study found that steroid use was associated with low mortality rates in patients with severe sepsis [11] . Thus, the use of low-dose steroids in patients with severe sepsis is still controversial [12] .
Serial increase in monocyte human leukocyte antigen-DR (HLA-DR) expression and IL-12 response in stimulated peripheral blood mononuclear cells (PBMCs) are associated with higher survival rate in patients with severe sepsis [13] . Thus, we analyzed our study database to explore the relationship of low-dose steroid treatment with HLA-DR expression and cytokine responses in patients with severe sepsis by repeated detections.
Materials and Methods
This study is a post hoc analysis using our previously published study database [13] .
Participants and Definitions. From July 2008 to June
2009, 35 patients who were admitted to a 20-bed intensive care unit (ICU) in a regional teaching referral hospital for severe sepsis were enrolled in this study. Six nonsurvivors died within 7 days and they all received low-dose steroid therapy. The data of these six patients was excluded because of lack of repeated cytokine response results for analysis. The SIRS was defined as two or more of the following criteria: (1) body temperature > 38 ∘ C or <36 ∘ C; (2) respiratory rate > 20 breaths/min; (3) heart rate > 90 beats/min; and (4) white blood count > 12000/ L or <4000/ L or >10% bands. Sepsis was defined as SIRS according to a confirmed infectious etiology. For validating experimental findings, 22 men and 8 women visiting our health evaluation center for examinations were enrolled as healthy controls with mean age of 60.8 ± 1.9 years old.
Severe sepsis was defined according to the consensus criteria of sepsis with one or more organ dysfunctions such as shock, respiratory failure, acute renal failure, jaundice, and thrombocytopenia [14, 15] . Septic shock was defined as sepsis-induced hypotension unresponsive to fluid resuscitation within 24 hr after admission to ICU. Respiratory failure was defined as ventilation dysfunction requiring invasive ventilator support. Acute renal failure was defined as a rapid increase in creatinine levels (>0.5 mg/dL). Jaundice was defined as hyperbilirubinemia (total bilirubin > 2 mg/dL), whereas thrombocytopenia was defined as a platelet count of <150,000/ L. Disease severity was assessed by the Acute Physiology and Chronic Health Evaluation (APACHE) II score [16] .
Standard treatment according to guidelines was provided to all patients [6, 8] . A course of low-dose steroid therapy could be prescribed in septic shock patient with 7 days of intravenous hydrocortisone 50 mg every 6 hours if shock developed within 24 hr after admission to ICU. The Institutional Review Board at Chang Gung Memorial Hospital approved our previous study (96-1465B) and the patients' close family members provided informed consent. Patients who survived longer than 28 days after ICU admission were defined as survivors. Then, the cells were resuspended in 500 L of PBS. The monocytes were detected by a three-color flow cytofluorimeter (Beckman Coulter, CA, USA) with positive controls for CD11b PE and CD14 FITC . Monocyte HLA-DR measurements were expressed as percentages of HLA-DR-positive monocytes and as means of fluorescence intensities (MFI) in relation to the entire monocyte population, thus reflecting the HLA-DR density per cell. Flow cytometry analysis was performed using Kaluza software V1.1 (Beckman Coulter, CA, USA). Setting gates were based on the internal negative population. The figure of analysis strategy for monocyte HLA-DR expression was presented in our previously published paper [13] .
Cell Culture. 5 × 10
5 PBMCs were plated in two wells of a flat-bottomed 24-well plate (Nunclon, Aarhus, Denmark) in 1 mL of sterile RPMI 1640 tissue culture medium containing 5% heat-inactivated bovine serum, 1 mM of L-glutamine (Gibco, Grand Island, USA), and 1 mM sodium pyruvate. The cells in first well were not stimulated or treated. The cells in second well were stimulated with 1 pg/ L of LPS (Sigma, Missouri, USA). The plate was incubated at 37 ∘ C in 5% carbon dioxide for 24 h. Supernatants of the culture wells were sampled and stored at −80 ∘ C until use.
Measurement of Cytokine Levels.
Cytokine levels of supernatants were measured with a human enzyme-linked immunosorbent assay (ELISA) kit, according to the manufacturer's instructions. The ELISA kit of IL-10 was manufactured by Pierce Biotechnology, Illinois, USA. The IL-6, TGF-1, and IL-17 were purchased from R&D Systems, Inc., Minnesota, USA. The IL-12, TNF-, and IL-1 were purchased from Becton Dickinson, CA, USA. Cytokine responses were defined as the difference in supernatant levels with and without LPS stimulation. Negative responses were set as 0 pg/mL. Changes in cytokine responses were defined as the difference in cytokine response on day 7 minus the cytokine response on day 1.
Statistical Analysis.
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) software V17.0 for Windows (SPSS Inc., Illinois, USA). Differences in continuous variables between two groups were analyzed using the Mann-Whitney test, whereas differences in categorical variables were analyzed using the chi-square test or Fisher's exact test. Differences in continuous variables in the same subjects were analyzed using the Wilcoxon signed-rank test. Generalized linear model analysis was used to determine the association between clinical characteristics and cytokine response. A value < 0.05 was considered statistically significant.
Results
Of the final 29 enrolled subjects with severe sepsis, 18 patients were prescribed low-dose steroids and 11 were not (Table 1 ).
In the low-dose steroid group, 12 patients survived for 28 days and six died ( Table 2 ). All 11 patients that did not receive low-dose steroid therapy survived. The APACHE II score in low-dose steroid group was higher than nosteroid group, although the statistical analysis did not show difference. There were no significant differences in age, gender, histories, infection sources, and initial appropriateness of antibiotics between groups with and without lowdose steroid therapy. Patients administered low-dose steroid therapy displayed higher percentages of septic shock (94% versus 36%), compared with no low-dose steroid group. The rates of gastrointestinal bleeding, acute renal failure, thrombocytopenia, jaundice, bacteremia, and mortality were similar between the two groups. 
Cytokine Responses between Patients with and without
Low-Dose Steroid Therapy. TNF-response in the control group was significantly higher than in both patient groups (Table 3) . However, IL-1 response in the control group was significantly lower than in both patient groups. IL-12 and TNF-responses on days 1 and 7 in steroid group were significantly lower than in no-steroid group. There were no differences in IL-1 , IL-6, IL-10, IL-17, and TGF-1 responses on days 1 and 7 between the two patient groups.
Change of Cytokine Responses from Day 7 to Day 1 in
Subjects. IL-1 and TGF-1 responses in patients administered low-dose steroid therapy decreased from day 7 to day 1 (Table 3 ). Compared to day 1, there were no changes in IL-6, IL-10, IL-12, IL-17, and TNF-responses on day 7 in patients who received low-dose steroid therapy. IL-12 response in patients without low-dose steroid treatment significantly increased from day 7 to day 1 (Figure 1) . Similarly, there were no changes in IL-1 , IL-6, IL-10, IL-17, TGF-1, and TNFproduction in patients treated without low-dose steroid therapy from day 7 to day 1.
In survivors with severe sepsis, IL-12 response increased and IL-6 response decreased significantly from day 7 to day 1. There were no changes in IL-1 , IL-10, IL-17, TGF-1, and TNF-production from day 7 to day 1 in survivors. All cytokine responses detected did not change from day 7 to day 1 in nonsurvivors (Table 4) .
Association between the Change in Cytokine Responses and
Low-Dose Steroid Therapy. Table 5 shows regression analysis results demonstrating the relationship between changes in IL-1 levels and low-dose steroid therapy and other clinical characteristics. APACHE II score levels were independently and positively associated with changes in IL-1 response (B = 3.110). Patients who were severely ill produced more IL-1 in PBMCs after 6 days compared with those who had milder illness. However, low-dose steroid therapy was not independently associated with the change in IL-1 levels. Low-dose steroid therapy did not influence IL-1 production in PBMCs of severe septic patients. Low-dose steroid therapy was also independently and negatively linked to the increase in IL-12 after regression analysis (B = −750.743; Table 6 ). IL-12 recovery from day 7 to day 1 was lower in patients with low-dose steroid therapy. The presence of septic shock did not independently correlate with the change in IL-12 levels. Sex was independently related to the variation in IL-12 response. IL-12 recovery from day 7 to day 1 was high in male patients (B = 447.838).
Although TGF-1 response in patients receiving low-dose steroidtherapy decreased from day 7 to day 1, the regression analysis did not find independent factors associated with the change in TGF-1 levels (Table 7) . and MFI of HLA-DR between patients treated with or without low-dose steroids on day 1 or 7 ( Figure 2 ). In addition, there was no change in monocyte percentage, positive HLA-DR percentage in monocytes, and MFI of HLA-DR in patients treated with or without low-dose steroids from day 7 to day 1.
HLA-DR Expression with or without Low-Dose Steroid

Discussion
Previous studies often used in vitro cultures to test the effectiveness of different doses of steroids [4] or repeatedly measured plasma levels between the patients receiving or not receiving steroids at specific times [5] . These studies have a common fault; they indirectly detect the function or response of immune cells after a course of low-dose steroid therapy. Since circulating cytokines can be produced by immune and nonimmune cells, such as smooth muscle cells and endothelial cells [17] , circulating cytokine levels only reflect a relatively broad response.
In this study, we demonstrated that a complete course therapy with low-dose steroid was associated with decreased IL-12 production in PBMCs from patients with severe sepsis. In contrast to our results, a 6-day crossover study with serial detecting plasma cytokine levels in patients with septic shock reported that the inhibitory effect of hydrocortisone infusion did not decrease plasma IL-12 level [18] . The first possible reason for this result is that only 3 days of hydrocortisone infusion was administered to each group; therefore, the effect of low-dose steroid did not have a chance to develop. Second, Ficoll density gradient centrifugation for monocytes isolation resulted in lower cell function than by positive selection by magnetic microbeads [19] . The function of IL-12 production from PBMCs in this study might be influenced by Ficoll solution. Other reasons may be that there is increased IL-12 production in dendritic or human B-lymphoblastoid cells, resulting in similar amounts of circulating IL-12.
In this study, we did not find an association between IL-6 response and low-dose steroid therapy. This was similar to a study by Oppert et al. They found that IL-6 production in LPS-stimulated diluted whole blood transiently fell from day 1 to 3 and returned after day 5 in a low-dose hydrocortisone therapy group [5] . In terms of circulating cytokine levels, there were no significant differences in plasma IL-6 levels between treatment groups of continuous 6 h infusion of endotoxin + hydrocortisone or endotoxin + saline in an animal study [20] . Furthermore, a double-blind, randomized, placebo-controlled study showed similar results [21] . Two doses of hydrocortisone (100 mg per 8 h) were administered after bilateral total knee replacement in the study group. IL-6 levels were 40% lower in the study group after 10 h but returned to levels similar to that of the control group at 24 h. However, other studies have reported different results. Stress dose of hydrocortisone infusion in patients with septic shock significantly decreased plasma IL-6 levels on day 5 between the steroid and placebo groups [22] . Hydrocortisone infusion reduced plasma IL-6 levels in a 6-day crossover study in patients with septic shock [18] . Generally, low-dose steroid therapy may influence plasma IL-6 levels but not IL-6 response in PBMCs, based on current evidence. The effect of steroid therapy on IL-10 production is controversial. Stimulated monocyte production of IL-10 was enhanced at low concentrations with glucocorticosteroid therapy [23] . This effect was not observed in our study. IL-10 production in stimulated PBMCs did not differ between patients receiving or not receiving low-dose steroid therapy on day 1 or 7. Even after 6 days of therapy, IL-10 response did not change in the low-dose steroid group. Moreover, dexamethasone inhibited LPS-stimulated release of IL-10 from diluted whole blood of septic patients in a dose-dependent manner [4] . After in vivo administration of high or low amounts of cortisol, high cortisol therapy further increased LPS-induced IL-10 expression in isolated monocytes from healthy participants, whereas low cortisol therapy decreased Il-10 expression [24] . More studies are needed to determine the role of low-dose steroid therapy on IL-10 production in patients with severe sepsis.
Endogenous cortisol is one of the main anti-inflammatory mediators induced by our central nervous system during severe sepsis. It has been described that steroids have downregulating effects on monocyte HLA-DR expression [25] [26] [27] . High endogenous cortisol levels observed in septic shock patients may play a role in the loss of monocyte HLA-DR expression via its effect on HLA-DR transcription. However, monocyte HLA-DR expression seems not to be influenced by low-dose steroid therapy. In this study, there was no change in monocyte percentage, positive HLA-DR percentage in monocytes, and MFI of HLA-DR in patients with low-dose steroid therapy from day 1 to 7. Similar results have been reported by Keh et al. [18] . Patients with low-dose hydrocortisone therapy showed unchanged monocyte HLA-DR expression. More studies are needed to confirm our and Keh et al. 's results.
Cortisol can influence the immune system and is crucial for the host for defense against pathogens. The endocrine system may be also influenced by the immune system. During inflammation, cytokines mediate a high glucocorticosteroid output with regulation from the neuroendocrine to the immune-endocrine system [28] . As a result, high levels of adrenal glucocorticosteroid are vital in preventing an uncontrolled inflammatory response to cytokines.
The IL-12 response from PBMCs was restored in patients who survived severe sepsis [13] . Severe septic survivors produced more IL-12 from LPS-stimulated PBMCs than nonsurvivors [29] . The main immunological function of IL-12 is to enhance native T lymphocyte differentiation to type 1 help T (Th1) cells. Th1 cells secrete interferonthat regulates macrophage and natural killer (NK) cell activation, stimulates immunoglobulin secretion by B cells, and enhances Th1 cell differentiation. In this work, lowdose steroid therapy resulted in decreased IL-12 production. This might explain why low-dose therapy was associated with an increase in adjusted hospital mortality in SSC database [10] . Decreased IL-12 response in patients receiving low-dose steroid therapy may depress a protective effect by decreased cellular immunity and phagocytic functions.
There were two limitations in this work. First, the percentage of septic shock was different between steroid and nosteroid groups. The reason why steroid group had higher percentage of shock is that patients with septic shock are appropriate for steroid treatment according to guidelines. In septic shock group, not in no-shock group, patients with low-dose steroid had significantly lower change of IL-12 response than those without low-dose steroid. Although generalized linear model analysis was used to exclude the confounding effect of shock, there was not a directly statistical analysis to demonstrate low-dose steroid affected IL-12 response recovery in patients without septic shock. Second, patients with low-dose steroid treatment have received steroid when their blood was drawn on day 1. Although the time from onset of steroid treatment to blood sampling was short and not more than 48 hr, cytokine responses and HLA-DR expression might be influenced.
Conclusions
IL-12 response observed in PBMCs increased from day 7 to day 1 in severe septic patients. We demonstrated that a course of low-dose steroid therapy influenced IL-12 production from in vitro LPS-stimulated PBMCs of severe septic patients. Lowdose steroid therapy was associated with less increase of IL-12 response. There was no correlation between low-dose steroid therapy and monocyte HLA-DR expression. 
